The spectra of Active Galactic Nuclei (AGNs) are often characterized by a wealth of emission lines with different profiles and intensity ratios that led to a complicated classification. Their electro-magnetic radiation spans more than 10 orders of magnitude in frequency. In spite of the differences between various classes, the origin of their activity is attributed to a combination of emitting components, surrounding an accreting Super Massive Black Hole, in the so called Unified Model. Currently, the execution of sky surveys, with instruments operating at various frequencies, provides the possibility to detect and to investigate the properties of AGNs on very large statistical samples. Thanks to the spectroscopic surveys that allow investigation of many objects, we have the opportunity to place new constraints on the nature and evolution of AGNs. In this contribution we present the results obtained by working on multi-frequency data and we discuss their relations with the available optical spectra. We compare our findings with the AGN Unified Model predictions, and we present a revised technique to select AGNs of different types from other line emitting objects. We discuss the multi-frequency properties in terms of the innermost structures of the sources.
Introduction
When talking about Active Galactic Nuclei (AGNs), we generally refer to the nuclei of galaxies where a Super Massive Black Hole (SMBH), with a mass ranging between 10 6 M and 10 10 M , is fed by a continuous flow of matter from the surrounding environment. This process, denoted as accretion, leads to the conversion of the gravitational binding energy of the accreted material into heat and radiative energy, through the effects of the viscous interactions that arise in the accreted matter, as it is accelerated up to several thousands km s −1 by the strong gravitational pull of the black hole [8] . In spite of this common interpretation, AGNs present a wide range of striking observational differences in their spectra, in their total power and in the frequency range where most of their energy is radiated away. While the first ones to be clearly identified were located in galaxies with exceptionally bright optical nuclei [25] , nearly 10% of the total population were subsequently found to radiate large fractions of their power in the radio and the high-energy domain [14] . Even their total luminosities can change over a wide range, which is typically considered to lie between 10 40 erg s −1 , in the case of low-luminosity sources, up to some 10 46 erg s −1 for the most powerful ones. They are distributed from the local Universe, where the low-luminosity objects are more common, all the way up to very high redshifts (z ≥ 7), where powerful activity becomes more frequent.
Looking at the characteristics of the optical-UV spectra, AGNs are generally characterized by the presence of a non-thermal continuum, often well represented by a power-law shaped spectrum of the form L ν ∝ ν −α , sometimes accompanied by prominent emission lines with different profiles. In some cases, we additionally observe a hot thermal excess, with a peak that likely falls in the far UV, or different contributions from the host galaxy stellar populations. Following a scheme that was first outlined by [18] , we generally call Type 1 AGNs those objects whose spectra show broad recombination lines, with profiles corresponding to velocity fields exceding 1000 km s The most widely accepted way to explain the observations is to assume that the central accreting SMBH is surrounded by a hot accretion disk, radiating in the optical, UV and X-Ray frequencies, and a compact region (less than 0.1 pc in size) of dense ionized gas (N e ≥ 10 9 cm −3 ), which produces Doppler broadened recombination lines, due to the large gravitational acceleration, and is therefore called the Broad Line Region (BLR). The gas that is located at larger distances (1 pc ≤ r ≤ 1 kpc), though being still ionized and producing emission lines, has a considerably smaller velocity field and electron densities closer to typical nebular environments (10 3 cm −3 ≤ N e ≤ 10 6 cm −3 ). It, therefore, radiates both permitted and forbidden lines with narrow Doppler profiles, giving raise to what we call the Narrow Line Region (NLR). If the central structure is partially obscured by an optically thick distribution of matter, as it is supported by some observational evidence [2] , the difference between Type 1 and Type 2 objects is consistently explained by the fact that our line of sight, respectively, may or may not reach the central regions, without being intercepted by the surrounding material, in what is called the AGN Unified Model [3] . When the accretion flow becomes coupled with the magnetic fields that develop close to the SMBH in such a way that a relativistically beamed jet of plasma is accelerated away from the nucleus, AGNs become powerful sources of radio and high-energy emission, eventually developing extended radio morphologies [31] .
In spite of the fairly comprehensive interpretation, AGNs still pose many fundamental questions, because most of the relevant physical processes involved in the accretion and in the acceleration of jets are confined close to the SMBH, in a region that lies still beyond the resolution capabilities of present-day instruments. For this reason, a large part of our current knolwedge concerning AGNs, is based on the analysis of their spectra and on monitoring of the correlations existing among their numerous spectral components. However, not all sources are equally good for such investigations, since Type 1 objects tend to be dominated by the emission of the AGN, while Type 2 sources are strongly affected by obscuration and stellar light contributions from the host galaxy. The main details to understand the Physics of AGN, therefore, can only be constrained by careful inspection of spectral properties that should be possibly extended over large statistical samples, in order to compare the predictions of different models with the available observations. In recent times, several campaigns have been carried out to monitor the sky at different frequencies and to obtain spectroscopic observations. In this contribution, we describe a revised scheme to select AGNs based on the properties of their emission lines and colors, we illustrate the potential of multi-frequency models to relate the observed Spectral Energy Distributions (SEDs) with optical spectra, and we discuss the information that we are able to extract on their central structures from the combined analysis of line profiles and multi-frequency data. 
Results
The most common property shared by different types of AGNs is the emission of an intense continuum of non-thermal radiation that can possibly ionize diffuse gas and, thus, give raise to emission lines in the spectra. Since lines excited by non-thermal ionizing continua differ in intensity and distribution from lines excited by the continuum of hot thermal sources [4, 33] , we can apply a set of diagnostic diagrams, based on the intensity ratios of specific lines, in order to recognize the footprint of ionization from thermal and non-thermal sources in external galaxies. When the amount of spectroscopic data was dramtically increased, thanks to the execution of large spectroscopic surveys, like the Sloan Digital Sky Survey [9, 34] , this method was further refined, demonstrating its ability to recognize the presence of obscured AGN activity [17] . This kind of information is fundamental to assess the statistical relations existing between obscured and unobscured sources, which constrain the structure of the central source and its possible dependence on luminosity or age. In order to perform such a study, however, we need an instrument that is in principle able to detect different types of AGN activity, with the smallest possible influence of selection effects. We obtained such a tool by combining spectroscopic and photometric parameters, based on an investigation of how different spectral classes are related with multi-frequency emission.
AGN selection from spectroscopic surveys
The investigation of AGN statistical properties requires to revise the selection techniques, which have been classically designed to detect specific types of sources, based on their characteristic properties. While Type 1 AGNs are generally well identified by the presence of prominent broad emission lines in the spectra, which are commonly accompanied by a hot thermal continuum excess, some times referred to as the Big Blue Bump, Type 2 AGNs are only characterized by narrow emission lines, which can also be present in the spectra of galaxies with strong star formation activity. In the case of narrow line emitting sources, the methods based on diagnostic diagrams are fairly well suited to distinguish between AGN and stellar activity, but if we perform a selection of spectra simply based on the presence of emission lines, to collect different types of sources, the emission line diagnostics alone are not straightforwardly applicable. An example of this effect is shown in Fig. 1 , where we compare different methods to distinguish AGNs from thermally excited spectral line emitters. The reason for which the classic diagnostic ratios cannot be used on a sample of objects including Type 1 sources resides in the use of the recombination lines, which are needed to normalize the strength of the forbidden lines that probe the temperature and the ionization structure of the gas. The presence of a strong contribution in the broad component of the recombination lines in Type 1 objects, which is not balanced in the forbidden lines, forces Type 1 sources to populate the non-AGN region of the plots. This is obvious, because this type of diagnostic diagram is designed to work on the emission of the NLR alone and cannot account for the BLR component. It has been proposed that a different choice of the emission line diagnostic ratios, involving only forbidden lines, might in principle solve the problem [32] , but the available choices either involve the use of weak lines, or they are strongly subject to the effects of interstellar extinction.
If the direct sight of the central regions in Type 1 AGNs can give raise to problems in recognizing their spectral signature, on the other hand we have the opportunity to take advantage from the strong blue and UV continuum, which is produced by the central source and is not obscured along the line of sight. It has been shown that Type 1 AGNs can effectively be selected by means of photometric criteria that compare their colors with those of non-active objects, to the extent that the SDSS uses a photometric pipeline to select QUASAR candidates for follow-up spectroscopy [22, 24] . This method has some limits when comparing objects at very different redshifts, but, in the low redshift domain where the diagnostic lines are still available in the optical frequency window (z ≤ 0.5), it defines a well-established parameter space where Type 1 AGNs can be effectively distinguished from other line emitting sources. A projection of this parameter space on the u − r vs. g − z color-color diagram is also illustrated in Fig. 1 . The choice of this extended color bands, that was based on the extinction corrected magnitude measurments of all SDSS objects with emission lines of Hα, Hβ, [O III]λ5007 and [N II]λ6583 datected at more than 5σ level, maximizes the effect of the blue continuum of Type 1 sources, over the stellar continuum of other sources. As a consequence, we recover the possibility of detect different types of nuclear activity, by combining classic spectroscopic diagnostics and photometric colors into a multi-dimensional parameter space, where AGNs populate a separate sequence with respect to other non-AGN powered sources.
Emission lines and models of AGN Spectral Energy Distributions
The selection of general samples of AGNs belonging to different spectral classes allow to search for observations of the corresponding sources in multiple frequencies. By combining the available data, it is possible to reconstruct the AGN SEDs and to compare them with the associated optical spectra, as it is illustrated for example in Fig. 2 . The plots show the different SEDs of two prototypical AGNs (3C 273 for Type 1 and NGC 1068 for Type 2) modelled through a combination of thermal and non-thermal radiation components, together with their characteristic spectra. We can immediately appreciate how the occurrence of a Type 1 spectrum, with broad lines and blue continuum, is well associated with a strong dominance of the non-thermal contribution and a direct sight towards the hottest central regions, resulting in an excess of ionizing radiation, in agreement with the Unified Model predictions. Conversely, the Type 2 SED is totally consistent with an obscured central source, whose low energy ionizing radiation is severely absorbed and reprocessed by a distribution of material that subsequently re-emits photons in the IR domain. Only the more penetrating high-energy photons and the long wavelength radio emission, which is practically unaffected by obscuration, can propagate directly from the central source, therefore resulting in a optical spectrum that is dominated by the host galaxy and the emission lines coming from the unobscured NLR.
In addition to provide observational evidence in support to the Unified Model, and possibly to associate different degrees of absorption and light reprocessing to various AGN classes, the combination of SED models and spectroscopic observations is a promising instrument to improve our knowledge of AGN distribution. Thanks to the numerous efforts that have been devoted to surveying the whole sky at various frequencies, it is now possible to recognize AGN candidates from their SED, even in sky areas that have not yet been covered by detailed and publicly available spectroscopic programs. The further possibility that models of the observed SED may lead to a prediction of Figure 2 . Examples of SED models (left panel) and optical spectra (right panel) for the prototypical Type 1 AGN 3C 273 (blue line and points) and the prototypical Type 2 AGN NGC 1068 (red line and points). The SEDs have been normalized to the same optical V band magnitude and the models are based on the combination of two cut-off power laws and one black body contribution. The spectrum of 3C 273 has been observed at the Asiago Astrophysical Observatory, while the spectrum of NGC 1068 comes from literature [19] . Both spectra were taken to rest frame wavelength scale.
the expected AGN class, in addition to optimizing the execution of follow-up campaigns, provides statistical constraints to infer structural and evolutionary details in large samples of AGNs.
Multi-frequency analysis of the central engine
Due to the extremely compact size of the regions where the continuum and the bulk of emission lines are produced in AGNs, we do not yet have a fully developed interpretation of their innermost structures. Most of our current understanding derives from the analysis of spectra and from models that carry out the inferred physical conditions. Therefore, the extension of spectroscopic analysis to different frequencies improves our ability to explore unresolved structures. Such an example is illustrated in Fig. 3 for the case of the QSO PG 1114+445, where we compare the XMM Newton X-ray spectrum with measurements of the normalized intensities of the broad components of the Balmer lines of Hydrogen. This quantity is defined as:
where λ ul is the wavelength corresponding to the transition from an upper level u to a lower level l (with l = 2 for H Balmer lines), I ul the measured intensity, g u the statistical weight of the upper level and A ul the spontaneous transition probability. In the case of an optically thin line, we can use the general expression:
where h and c are the Planck's constant and the vacuum speed of light, while N u is the concentration of atoms in the upper level and the integration is executed throughout the extension of the source, to obtain: Figure 3 . Suppression of high order Balmer lines, observed through the normalized intensities of the broad components in the optical spectrum of PG 1114+445 (left panel), compared with the soft X-ray spectrum obtained from the XMM Newton EPIC instrument (green points) and from the twin MOS cameras (red and black points). The X-ray spectrum is modelled with a power-law spectrum, a soxt X-ray thermal excess and an ionized absorber. Absorption from the neutral medium within the Milky Way is also taken into account.
If we now assume that the distribution of emitting atoms is spatially constant within the source and that it can be represented by a Boltzmann formula at least in the high excitation stages (a condition known as Partial Local Thermodynamic Equilibrium, PLTE), we obtain:
where ∆E u is the upper level excitation energy. It is therefore clear that, in the assumed conditions, we expect that:
log I n = log 1 4π
which is a linear function of the upper level's excitation energy [21] . The deviation from the expected linear behavior observed in Fig. 3 is an indication that the flux of high order Balmer line photons is lower than the prediction, which can happen in the presence of a dense layer of recombining plasma. In this case, indeed, Eq. (2) would be modified in:
where
is the line absorption coefficient, controlled by the density of ions in the lower level N l and the line photon absorption cross-section σ lu . In typical nebular conditions, it would be k lu << 1 for any l > 1, but, in presence of a thick layer of ionized plasma, like the one responsible for the observed absorption in the soft X-ray spectrum, which has an estimated column density N C = 4.896 · 10 21 cm −2 , it could be no longer negligible. In such circumstances, indeed, we expect the lower level of the Balmer series to be overpopulated by recombination processes and by Lyα photon trapping. If, therefore, this X-ray absorber is located outside the BLR, it could very likely be responsible for the absorption of Balmer photons, as well.
To further explore the possibility that the presence of ionized gas layers could affect the broad emission lines, we started an investigation of the Balmer line profiles in the broad component of the ) and Hα (red) broad line components, after subtraction of the narrow emission lines, plotted in velocity scale and normalized to the same peak intensity in the spectrum of 1RXS J113247.0+062626. Right panel: distribution of the ratio FWHM(Hα)/FWHM(Hβ) in the broad components of the emission lines from the spectra NLS1 galaxies investigated in [11] . While the distribution is strongly peaked around 1, favoring the interpretation of an optically thin gas, some differences in the line profiles can arise as a consequence of dust absorption or emission line radiation transfer effects. spectra of a sample of Narrow Line Seyfert 1 galaxies (NLS1s), selected from the SDSS Data Release 7 [11] . Due to the relatively small width of their broad line components (FWHM Hβ < 2000 km s −1 [20] ), the profiles of these lines are little affected by blends with other broad lines, although there are still the narrow components to be accounted for. These, however, are much simpler to model, taking the narrow forbidden lines of [O III] as templates to constrain their widths and to subtract them from the global profiles. By taking the broad line components in a velocity scale, we are able to compare the resulting profiles, as it is illustrated in Fig. 4 . Using a narrow emission line width fixed at 0.75 times the width of [O III] λ5007, in order to account for the larger velocity dispersion of the high ionization gas [5] , we modelled the narrow components of Hβ, Hα and the [N II] λλ6548, 6583 doublet, trying to isolate the broad emission line profiles. Looking at the resulting FWHM of Hα and Hβ, we find that most of the line profiles are very similar, favoring the interpretation of an optically thin gas, though we still observe deviations from this behaviour. It has already been noted that the profiles of these lines can be different in some objects and that they may even exhibit different reverberation lags [26, 27] . This could point towards a displacement of their emission sites or to a relevant role of dust absorption in the central regions of the source [15] , since there is convincing evidence that a substantial amount of dust can exist in the central regions of AGNs, at smaller scales than the NLR [16] .
Discussion
The processes that occur in the unresolved central regions of AGNs leave characteristic signatures in the emission and absorption components of the observed radiation and they also control which parts of the source are visible. Although a preliminary analysis of the relationships existing between multi-frequency data and optical spectra argue in favor of the Unified Model, a systematic study that collects the huge amount of available observational material still has to be carried out. This type of investigation is highly desirable, due to the invaluable constraints that it could place on the nature and the evolution of the innermost structures in AGN, but it presents obvious difficulties related to the amount of data that should be considered. With our work, we presented a technique to select different types of AGNs, with available spectro-photometric measurements, and we provided some examples on how the comparison of their spectra with the overall SED lead to supporting the unified picture, as well as to the intriguing possibility that SEDs built on the basis of public data could be used to select targets for follow-up spectroscopy or even to attempt preliminary classifications.
A particularly interesting result is the one based on the combination of optical and X-ray spectroscopic observations. In presence of a significant layer of ionized plasma, like the one observed in the X-ray spectrum of PG 1114+445, optical depth effects become important in determining the relative strengths of the recombination lines. In particular they could explain the various emission line intensity ratios that are known to deviate significantly from the standard recombination predictions in Type 1 sources. A substantial increase in optical depth gives raise to two important effects. On the one hand, the Hα photon has a larger absorption cross-section with respect to higher order Balmer photons. On the other, it corresponds to a transition between two adjacent levels and, therefore, has a smaller probability to decay through other spontaneous transition channels, with respect to higher order Balmer photons. Therefore an increase of the line optical depth might lead to a reduction of the high order Balmer line intensities with respect to Hα, but Hα could averagely emerge from an outer layer of the line emitting region. In a dynamical configuration dominated by Keplerian motions, this would imply a narrower line profile. On the other hand, the role played by dust in the emission line regions would possibly lead to the opposite result, suppressing the short-wavelength high-order emission lines more severely than Hα, therefore favoring an enhancement of this line from deeper regions. Comparing the measurements of the width of the broad emission line profiles, as illustrated in Fig. 4 , shows that neither effect is likely to severely affect the emission in the vast majority of sources, although some exceptions may still exist. This result favors the possibility that the optically thin interpretation can be reasonably applied to the broad Balmer lines, suggesting that only a small amount of material should lie along the path of the photons. We can therefore conclude that a thorough investigation of the line intensity ratios along the profiles, which requires data with very high signal to noise ratios, will certainly provide further insight on the not yet completely understood problem fo the BLR structure.
Materials and Methods
The data and results presented in this paper are based on publicly available services and databases, such as the VizieR catalogue service 1 and the SDSS SkyServer 2 . Plots have been produced with the TOPCAT 3 [29] and the XSPEC 4 softwares. Most of the illustrated measurements, involving line intensities and photometric colors, were directly extracted from public databases using their standard web interfaces. Exceptions to the illustrated picture are:
1. measurements of emission line normalized intensities, which were obtained from public SDSS spectra after extracting the BLR contribution by means of multi-Gaussian fits of the observed line profiles performed with IRAF 5 ; 2. measurements of the ionized plasma column density, obtained through XSPEC models combining a power-law emission, a soft X-ray thermal excess, an absorption contribution from neutral gas constrained by the H I column density within the Milky Way and a ionized absorber, applied to a 40 ks observation carried out by XMM Newton and reduced with the Science Analysis Software (SAS) version 10; 3. the models of SED in multi-frequency AGN data, obtained by appliing Levemberg-Marquardt non-linear χ 2 minimization to combinations of cut-off power laws and black-body contributions. (a) Logarithm of exponential cut-off frequency given in Hz.
(b) The power-law index is given according to the notation νF ν ∝ ν α . Table 1 contains a summary of the data sources from which we obtained the SED points, while Table 2 reports a summary of the parameters used in the SED fitting models. models of NLR emission lines; V.C. selected and analyzed the SDSS DR7 sample of NLS1; M.F. developed models of NLR structure; S.M. worked on multiple Gaussian fits and intensity ratios of optical lines; P.R. conceived the multi-frequency AGN archive and supervised the physical interpretation of optical spectra.
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